**Specification Table** Subject areaMechanical engineeringMore specific subject areaMetal formingType of dataTable, figure and text file.How data was acquiredAfter completing each trial, extrusion load and tensile strength was observed through Universal Testing Machine 600 KN capacity UTE-60Data formatRaw and analysedParameters for data collectionThe extrusion process parameters such as ram speed of 4, 8 and 12 mm/min, Die profiles of conical, fillet radius and cosine, billet temperature of 200 °C, 300 °C and 400 °C, friction factor of 0.2. 0.6 and 0.8 was maintained to complete the planned nine experiments.Description of data collection35 µm size of boron carbide particles with 15% volume fraction was employed to reinforce with the Al 6061 aluminium alloy to develop the Al/B~4~C composite through stir casting route. Stirrer motor was set at 700 rpm to achieve uniform mixture. During extrusion, extrusion die with die gland of conical, fillet radius and cosine profiled geometry, were utilised for the experiment. The friction factors were controlled by applying a solid lubricant, graphite powder within the die billet interface. Fully lubricated by applying with graphite powder as level1, partially lubricated with graphite powder considered as level 2 and zero lubrication, dry extrusion as level 3 were maintained to investigate the effect of friction. For each trial, extrusion load and tensile strength were observed as raw data and is shown in [Table 8](#tbl0008){ref-type="table"}Data source locationAdama Science and Technology University, Adama, EthiopiaData accessibilityData are provided in this article and supplementary fileRelated articleVenkatesh.C, Venkatesan.R. Design and analysis of stream lined extrusion die for round to hexagon through Area mapping technique, Upper bound technique and Finite element method. *Journal of Mechanical Science and Technology.* 28(5) (2014) 1867--1874. [https://doi.org/10.1007/s12206--014--0136--0](https://doi.org/10.1007/s12206-014-0136-0){#interref0001}

Value of the data {#sec0002}
=================

•The data finds a pivotal role to demonstrate the optimum process conditions of hot extrusion not only for extruding Al/B~4~C composite but also for all materials.•The data are found useful to fellow researchers and industrialist to know the intense effect of three chief extrusion process parameters over the extrusion load.•The data can be useful to compare further optimisation of processes through any of the conventional or unconventional way of optimisation technique for the hot extrusion process.•The data presented here are much more beneficial for the design and development of extrusion dies.

1. Data description {#sec0003}
===================

The data presented in this article are both raw and analysed in natures which are related to hot extrusion process of Aluminium 6061 alloy reinforced with boron carbide particles as shown in [Fig. 1](#fig0001){ref-type="fig"}. [Table 1](#tbl0001){ref-type="table"} shows the specification details of Scanning Electron Microscope employed for the experiment. The chemical composition of Aluminium 6061 and Boron carbide are tabulated in [Table 2](#tbl0002){ref-type="table"} and [Table 4](#tbl0004){ref-type="table"}, respectively. Mechanical properties of Aluminium 6061 and Boron carbide are shown in [Table 3](#tbl0003){ref-type="table"} and [Table 5](#tbl0005){ref-type="table"}, respectively. Experimental condition followed for each trial has been given in [Table 6](#tbl0006){ref-type="table"}. Selection of process parameters and their levels with corresponding values are given in [Table 7](#tbl0007){ref-type="table"}. Observed values of responses (extrusion load and tensile strength) through nine experiments under the principle of Taguchi\'s L9 orthogonal array have been tabulated as a raw data in [Table 8](#tbl0008){ref-type="table"}. [Table 9](#tbl0009){ref-type="table"} depicts the manipulated S/N ratios and normalised S/N ratios. Computed grey coefficients and grade has given in [Table 10](#tbl0010){ref-type="table"}. The ranking effect of each parameter over the response can be known from Multi Response Performance Index which has tabulated in [Table 11](#tbl0011){ref-type="table"}. The percentage of contribution over the impact of response of each parameter has been given as ANOVA [Table 12](#tbl0012){ref-type="table"}. [Table 13](#tbl0013){ref-type="table"} interprets the comparison of grey grade between random and optimal parameters. [Fig. 2](#fig0002){ref-type="fig"} depicts the stir casting set up and the casted specimen is shown in [Fig. 3](#fig0003){ref-type="fig"}. The schematic view of three different profiles used for experiment is shown in [Fig. 4](#fig0004){ref-type="fig"}. [Fig. 5](#fig0005){ref-type="fig"}(a), (b) and (c) represents the experimental setup, fabricated cosine profiled die and extrudate respectively. The geometrical profile of cosine curve is shown in [Fig. 6](#fig0006){ref-type="fig"}. Pictorial view of computed grey graph is presented in [Fig. 7](#fig0007){ref-type="fig"} and the percentage of influence of each parameter is shown in [Fig. 8](#fig0008){ref-type="fig"}. Raw data are provided in supplementary fileFig. 1SEM image of B~4~C particles.Fig 1Table 1SEM details.Table 1InstrumentJSM6360SignalSEIWD27Magnification100Accel Volt23Spot size35Table 2Chemical compositions of a Al 6061 alloy.Table 2MgSiFeCuCrMnZnTiAl0.840.650.230.220.220.030.10.01BalTable 3Properties of aluminium 6061.Table 3DensityElastic modulusYield strengthThermal conductivityMelting pointHardness BHN2.7 gm/cm^3^68.9 GPa276 MPa167 W/mK652 °C95Fig. 2Stir casting setup.Fig 2Fig. 3Al--B~4~C composite.Fig 3Fig. 4Three different die profile.Fig 4Fig. 5a) Experimental resource. b) Extrusion die. c) Extrudate.Fig 5Fig. 6Cosine profile.Fig 6Fig. 7Grey grade chart.Fig 7Fig. 8Percentage of influence of each parameter.Fig 8

2. Experimental design, materials, and methods {#sec0004}
==============================================

2.1. Materials {#sec0005}
--------------

Boron carbide particles with particle size of 35 µm observed through Scanning Electron Microscope whose specification is shown in [Table 1](#tbl0001){ref-type="table"}, were used to reinforce the proposed composite. Microscopic view of the particles is shown in [Fig. 1](#fig0001){ref-type="fig"}. Aluminium 6061 alloy was utilised as matrix material.

2.2. Methods {#sec0006}
------------

Stir casting set up as shown in [Fig. 2](#fig0002){ref-type="fig"} was employed to fabricate the composite. Initially Aluminium alloy 6061 whose chemical composition and mechanical properties has been given in [Tables 2](#tbl0002){ref-type="table"} and [3](#tbl0003){ref-type="table"} respectively was melted at 750  °C in a crucible, made out of graphite. Then, B~4~C particles whose chemical composition and mechanical properties has been given in [Tables 4](#tbl0004){ref-type="table"} and [5](#tbl0005){ref-type="table"} respectively were preheated up to 500  °C and mixed with molten bath. In order to achieve a homogenous mixture of composite, stirring process with nearly 400 rpm was maintained for about 45 minutes. The mixture was poured in to the cylindrical mould having with dimensions of 12 mm diameter and 25 mm long. [Fig. 3](#fig0003){ref-type="fig"} shows the casted composite. Experimental extrusion was carried out by following the conditions given in [Table 6](#tbl0006){ref-type="table"}, with the help of UTM shown in [Fig. 5](#fig0005){ref-type="fig"}(a). Three extrusion dies with different die profile namely, fillet radius, conical and cosine curve, illustrated in [Fig. 4](#fig0004){ref-type="fig"} were manufactured through Die sink and wire cut EDM and one of the die manufactured with cosine profile is shown in [Fig. 5](#fig0005){ref-type="fig"}(b) and typical cosine curve has been shown in [Fig. 6](#fig0006){ref-type="fig"}. Initially, the casted specimen was heated to a given temperature within muffle furnace. The hot round billet was loaded in the die and then the punch was used to press the billet by following a referred level of ram speed. During this deformation, one of the responses, extrusion load was recorded. The experimental trial was carried out by following three levels of temperatures and three levels of ram speed by utilising three different dies.Table 4Chemical compositions of boron carbide.Table 4B + CSiCFeB~2~O~3~Bal0.10.170.20.1Table 5Properties of Boron carbide.Table 5DensityElastic modulusYield strengthThermal conductivityMelting pointHardness (Vickers)2.5 g/cm^3^460 GPa569 MPa42 W/mK2763 °C38 GPaTable 6Experimental conditions.Table 6Press tool600 KN UTM (Digital) UTE-60Resolution -- 0.1mmClearance between columns -- 600 mmMinimum test speed -- 0.1 mm/minRam stroke -- 250 mmAccuracy- ± 0.5%Material15% vol. B~4~C/Al 6061 compositeDieConical, Fillet radius, Cosine profiled die geometryPunch10 mm dia × 50 mm length EN 28 rodLubricationGraphite powderBillet dimensions10 mm dia × 25 mm lengthHeating sourceMuffle furnaceTable 7Process parameters and their levels.Table 7SymbolProcess parametersUnitLevel 1Level 2Level 3ARam speedmm/min4812BBillet temperature^o^C200300400CDie profile geometryFillet radiusConicalCosineDFriction factor0.20.60.8

2.3. Experimental design {#sec0007}
------------------------

### 2.3.1. Selection of process variable and their levels {#sec0008}

Extrusion is one of the important metal forming operation, which is highly influenced by geometry of the die profile, initial billet temperature, friction condition between the die and billet interface and also ram speed. These four parameters were considered to be more significant and their levels were also decided to cover low, medium and higher region of magnitudes so as to accomplish optimal parameter set,

Whenever frictional factor is a matter of concern during the experiments, die surface was fully lubricated by applying a graphite powder as higher level, partially lubricated as medium and zero lubrication or dry extrusion as low level.

### 2.3.2. Design of experiment {#sec0009}

Taguchi\'s method of experimental design can be found very much useful in solving the complex engineering problems with lean data. Implementation of orthogonal array paves the way to decrease the number of experiments drastically. Each column in OA represents important parameters which influence the responses. The degree of freedom and number of trials were decided by the number of parameters and their levels. The order of parameter level for each trial has mentioned in [Table 8](#tbl0008){ref-type="table"}.Table 8Experimental layout using L9 orthogonal arrays.Table 8Experiment no.Extrusion process parametersExtrusion load (tons)Tensile strength MpaRam speed (A)Billet temperature (B)Die profile geometry (C)Friction condition (D)LevelValue (mm/min)LevelValue (°C)LevelShapeLevelValue11412001Conical10.218.542821423002Fillet radius20.619.138131434003Cosine30.820.135342812002Fillet radius30.821.731552823003Cosine10.220.534462834001Conical20.617.1394731212003Cosine20.620.3348831223001Conical30.819.5369931234002Fillet radius10.219.8361Table 9S/N ratio and normalised S/N ratio.Table 9Trial noS/N ratioNormalised S/N ratioExtrusion loadTensile strengthExtrusion loadTensile strength1−25.3452.620.3280.0002−25.6251.620.4630.3743−26.0650.950.6760.6254−26.7349.951.0001.0005−26.2350.730.7580.7076−24.6651.910.0000.2667−26.1550.830.7190.6708−25.8051.340.5500.4799−25.9351.150.6130.550Table 10Grey relational coefficients and grey relational grade.Table 10Trial noNormalised S/N ratioQuality lossGrey relational coefficientGrey gradeExtrusion loadTensile strength∆~Extrusion\ load~∆~Tensile\ strength~GC~Extrusion\ load~GC~Tensile\ strength~10.3280.0000.6721.0000.5980.5000.54920.4630.3740.5370.6260.6500.6150.63230.6760.6250.3240.3750.7550.7270.74141.0001.0000.0000.0001.0001.0000.50050.7580.7070.2420.2930.8000.7730.78660.0000.2661.0000.7340.5000.5760.53870.7190.6700.2810.3300.7800.7520.76680.5500.4790.4500.5210.5120.6570.58490.6130.5500.3870.4500.7120.6890.700Table 11Mean MRPI and the ranking of factors effect.Table 11FactorsRam speed (A)Billet temperature (B)Die profile geometry (C)Friction factor (D)Level 10.640.6050.557**0.678\***Level 20.600.6590.610.645Level 3**0.68\*0.66\*0.764\***0.608Max--min0.040.0550.2070.07Rank4312Table 12ANOVA table.Table 12Source of variationDOFSum of squaresMean squaresF value% ContributionRankRam speed (A)20.00410.0020.234Billet temperature (B)20.0240.0121.2183Die profile (C)20.0660.0333.3501Friction factor (D)20.0380.0191.9292Error80.083Total166.6100Table 13Comparative table of the grey grade for the random and optimal process parameters.Table 13Response ValueOptimal process parametersPredicted A~3~B~3~C~3~D~1~Confirmation experiment A~3~B~3~C~3~D~1~Extrusion load (tons)17.87Tensile strength (MPa)413Grey relational grade0.7160.689

Whenever, the extrusion process is considered, load needed to extrude the billet becomes a significant response because it decides the press capacity [@bib0001], [@bib0002], [@bib0003]. Moreover the importance of secondary extrusion process for the processing of composite lies with homogenous distribution of reinforcement in order to enhance the strength of the composite, hence tensile strength of the composite being another objective [@bib0004]. It is most important to know the degree of influence of the extrusion parameters over these objectives with optimised way. However, inclusion of two responses changes the problem into multivariable approach. As per the Taguchi\'s robust design of experimental approach, there shall be nine experiments conducted based on L9 OA [@bib0005]. For each experimental trial, the extrudate shown in [Fig. 5](#fig0005){ref-type="fig"}(C) was made into observation of extrusion load and tensile strength using UTM.

### 2.3.3. Grey relational analysis {#sec0010}

GRA can be applicable to evaluate the problem with more than one objective. The multi response optimisation can be changed in to single objective problem. The data observed through experiments were analysed and normalised between zero to one so as to generate the grey relational coefficients. Initially the response data recorded in experiment trials were transformed into S/N ratio. The effect of response in terms of larger or smaller was arrived. For the present case, one of the objective extrusion load to be as lower as possible and another objective tensile strength should be as higher as possible are preferred. S/N ratio were calculated as per smaller the better type and larger the better type approaches as follows,$$\text{For}\,\text{smaller}\,\text{the}\,\text{better}\,\text{type}\,\frac{S}{N}ratio = - 10\log\left\lbrack {\frac{1}{n}\sum\limits_{i = 1}^{n}y_{ij}^{2}} \right\rbrack$$$$\text{For}\,\text{larger}\,\text{the}\,\text{better}\,\text{type}\,\frac{S}{N}ratio = - \log\left\lbrack {\frac{1}{n}\sum\limits_{i = 1}^{n}\frac{1}{y_{ij}^{2}}} \right\rbrack$$

The purpose of normalisation is to express the analysed data in to single decimal ranging from 0 to 1. The following relation was employed to execute the normalisation under smaller the better type approach.

Z~ij~ = normalised value for the *i* th experiment/trial for the *j* th response$$Z_{ij} = \frac{\max\left( {Y_{ij},i = 1,2,\ldots,n} \right) - Y_{ij}}{\max\left( {Y_{ij},i = 1,2,\ldots,n} \right) - \min\left( {Y_{ij},i = 1,2,\ldots,n} \right)}$$

From the normalised S/N ratio, the grey relational coefficient can be manipulated by using the following relation,$$GC_{ij} = \frac{\Delta_{\min} + \lambda\Delta_{\max}}{\Delta_{ij} + \lambda\Delta_{\max}}\left\{ \begin{array}{l}
{i = 1,2,\ldots,n - \exp eriments} \\
{j = 1,2,\ldots,m - responses} \\
\end{array} \right.$$Where GC~ij~ = Grey Relational Coefficients for the *i* th experiment/trial for the *j* th response∆ = Absolute difference between Y~oj~ and Y~ij~ which is a deviation from the target value and can be treated as quality lossY~oj~ = Ideal normalised value of the *j* th responseY~ij~ = the *i* th normalised value of the *j* th response∆~min~ = Minimum value of ∆∆~max~ = Maximun value of ∆λ = Distinguishing coefficient defined in the range 0 ≤ λ ≥ 1The Grey Relational Grade (G~i~) can be determined with the help of following relation,$$G_{i}\frac{1}{m}\sum{GC_{i}}$$

The manipulated Grey Relational grade now can be equated with Multi Response Performance Index (MRPI), so as to convert the multi objective problem into single objective. The optimal parameters required to extrude the composite with minimum extrusion load and maximum tensile strength can be earned through MRPI data.

It is quite clear from the MRPI analysis that, the effect of die profile geometry is more significant than the rest of other three parameters followed by the effect of friction. The higher values of MRPI are taken into consideration for arriving the optimal parameters. It is quite clear from the grey grade graph presented in [Fig. 7](#fig0007){ref-type="fig"} which confirms the optimal level of parameters for the extrusion process as A~3~B~3~C~3~D~1.~

The main intention of constructing ANOVA table is to evaluate the quantum of significance of each parameter over the responses. The rank and percentage of contribution of each parameter can be known through ANOVA. From [Fig. 8](#fig0008){ref-type="fig"}, it is very much clear that the die profile has got the most influencing characteristic over the responses by achieving highest contribution of 50% followed by friction factor as second and billet temperature as third influencing parameters. It is evident that ram speed becomes the least significant parameter in the study. The physical reason behind this influence has observed that, the nature of profile with uniform curvature of cosine profile ensures the homogeneity in plastic deformation and material flow by preventing the chances of agglomeration of B~4~C particles near the die entrance [@bib0006]. Development of more frictional effect within die and billet region makes the peripheral layer of the work material to deform much slower than the central zone. This imbalanced strain behaviour during plastic deformation obviously requires more extrusion load, which in turn shows the importance of friction factor over the extrusion process. At higher temperatures, the molecular bonding between adjacent molecules becomes diffused, which in turn causes quick deformation by absorbing minimum extrusion load than at low temperature.

3. Verification of optimal parameter through confirmation experiment {#sec0011}
====================================================================

Confirmation experiment was carried out by following the optimised process parameters A~3~B~3~C~3~D~1~. The experiment was conducted with a ram speed of 12 mm/min, with cosine profiled die, applied with full lubrication and with a billet temperature of 400  °C. The observed values of extrusion force and tensile strength are as 17.87 tons and 413 MPa respectively.

The predicted grey relation α~predicted~ of the bio degradable nano cutting fluid can be expressed as$$\alpha_{\Pr edicted} = \alpha_{m} + \sum\limits_{i = 1}^{n}\left( {\alpha_{o} - \alpha_{m}} \right)$$Where α~predicted~ is the grey relation grade for the predicted parametrrs. α~m~ is the mean average of the grey relational grades. α~o~ is the average grey relational grade of the optimal level of the fluid parameters (A~3~B~3~C~3~D~1~) and '*n'* is the number of significant factors considered from the response table. The computed predicted grey relational grade was 0.689.

Comparison table confirms that, the difference between predicted and confirmation experiment is within the allowable value confident interval. Hence this type of statistical investigation through minimum number experiment can be very much useful in solving complex problem in extrusion Industries to arrive for the optimal process parameters over the quality and product cost.

Appendix. Supplementary materials {#sec0013}
=================================

Image, application 1Image, application 2
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